Abstract. The interpretation of EBW emission from spherical tokamaks is nontrivial. We report on a 3D simulation model of this process that incorporates Gaussian beams for the antenna, a full wave solution of EBW-X and EBW-X-O conversions using adaptive finite elements, and EBW ray tracing to determine the radiative temperature. This model is then used to interpret the experimental results from MAST and NSTX. EBW for ELM free H-modes in MAST suggests that the magnetic equilibrium determined by the EFIT code does not adequately represent the Bfield within the transport barrier [1] . Using the EBW signal for the reconstruction of the radial profile of the magnetic field, we determine a new equilibrium and see that the EBW simulation now yields better agreement with experimental results. EBW simulations yield excellent results for the time development of the plasma temperature as measured by the EBW radiometer on NSTX [2] .
Introduction
The characteristic low magnetic field and high plasma density of a spherical tokamak do not permit the typical radiation of O and X modes from the first five electron cyclotron harmonics. Thus only electron Bernstein waves (EBW), (modes not subject to a density limit), which mode convert into electromagnetic waves in the upper hybrid resonance region, can be responsible for the measured radiation [3] . The 3D plasma and antenna model was described in [1, 4, 5] .
Magnetic Field Reconstruction from EBW Signal in MAST
We found good agreement between the simulation of EBW emission and the detected signals for L-modes and ELMy H-modes. On the other hand the emission from ELM free H-modes in MAST suggests that the magnetic field in the transport barrier as determined by EFIT is too low. Typically the detected signal in the 16-60GHz band has five peaks, each corresponding to the emission from subsequent electron cyclotron harmonics (see Fig. 1 ). The gaps between the peaks correspond to the frequencies at which the upper hybrid frequency coincides with some of the electron cyclotron harmonics. From the position of the gaps in the spectrum of the detected signal we can determine the magnitude of the magnetic field. The corresponding R position occurs where the upper hybrid frequency coincides with the frequency of the electron cyclotron harmonics (we investigate the shot where the detected signal originates in the equatorial plane). The profiles of the EFIT magnetic field and the reconstructed profile from EBW signal are given in Fig. 2 . We assume that only the poloidal magnetic field is influenced at the transport barrier. The magnetic configuration in the rest of the plasma is assumed to be that determined by EFIT. To gain some insight into the significance of the proposed bump on the magnetic field we consider the radial profiles of the characteristic resonances (Fig. 2) . The broadening of areas EBW is strongly damped and the detected wave is emitted from the edges of these areas. The broadening of the gaps in the emitted spectrum (Fig. 1) is due to the bump on the magnetic field in the transport barrier. For the first two harmonics the magnetic field decreases in the transport barrier from the UHR region in the direction towards the plasma center. EBW with frequency slightly below ce nf are then emitted from the rather cold plasma. On the other hand, EBW emitted slightly above the third and higher harmonics is strongly reabsorbed by the rarefied plasma in front of the UHR (see Fig. 1 right) . Here the ray is launched from the UHR region and starts to propagate out of the plasma. Its frequency is approaching the 3rd electron cyclotron harmonic (magnetic field increases in this direction due to the bump) and it is partially absorbed here. The ray is then reverted back to the dense plasma and is fully absorbed at the 3rd harmonics at the plasma center. Emission is the reverse process and the ray emitted from the plasma center where plasma temperature is 1keV is partly reabsorbed at the plasma boundary so finally rad T = 0.7keV. Waves with slightly lower frequency (e.g., 37GHz) are fully absorbed at the plasma boundary with rad T = 0.1keV only. The broadening of gaps due to the development of the bump in the magnetic field in the transport barrier can thus explain the observation of the missing EBW emission for some well-developed ELM free H-modes. One of the most important results deduced from EBW emission measurements on NSTX is the time development of the radiation plasma temperature [2] . The obliquely viewing EBW radiometer on NSTX detects signals polarized parallel and perpendicular to the magnetic field at the EBW mode conversion layer. Since the outgoing O-mode at oblique incidence is approximately circularly polarized, the sum of these signals can be interpreted as a radiation temperature. We have performed simulations of the time development of ECE in the interval 0.09s < t < 0.6s . In Fig.  3 , the time evolution of the sum of the EBW radiometer signals is plotted along with the maximum temperature detected by Thomson scattering (this independent measurement for 0.1s < t < 0.5s corresponds well to the temperature at R = 1.007 m ) and the theoretical simulation of EBW radiometer signals of Gaussian beams corresponding to actual antenna orientation (angles φ dev = 23.3º , φ long = 31º ) as well as to orientations that are optimal for EBW − X − O mode conversion (angles φ dev = 24.01º , φ long = 24.89º ).
The signal is
proportional to the central temperature only for t > 0.3s when the plasma current and the poloidal magnetic field reach their stationary values. For t < 0.3s , EBW is emitted from the 2 nd electron cyclotron harmonic at the plasma periphery, where the plasma temperature is low. The simulation shows that the conversion efficiency for EBW-X-O is optimal and practically constant for t ∈(0.2s,05s) . Simulations also clarify the relationship between the central temperature derived from the EBW signal and the temperature determined from Thomson scattering. We can state that the EBW temperature is always less than the actual temperature. In Fig 4 we depict the ideal effective temperature of EBW radiation for conversion efficiency equal 1. Even these values are smaller than Thomson T because of reabsorption of EBW and the parasitic radiation from the second harmonic [2] . The intensity of EBW radiation is further reduced by losses due to imperfect conversion. This last effect is more pronounced if the antenna does not have optimum orientation. 
